Background New-generation drug-eluting stents (DES) was more effective in the treatment of in-stent restenosis (ISR) compared with the first-generation DES. Drug-eluting balloons (DEB) and new-generation DES had been available strategies in treatment of bare-metal stents/DES ISR (BMS/DES-ISR). Six new randomized trials have recently examined the angiographic outcomes and one-year clinical outcomes of DEB and new generation DES in BMS/DES-ISR. However, the optimal management for BMS/DES-ISR lesions remains controversial. Methods We searched the randomized clinical trials evaluating the angiographic outcomes and one-year clinical outcomes of DEB and new-generation DES in patients with BMS/DES-ISR. The primary endpoints were the angiographic outcomes, including the minimal luminal diameter (MLD), diameter stenosis % (DS%), late lumen loss (LLL), and binary restenosis (BR). Results A total of six randomized clinical trials with 1177 BMS/DES-ISR patients were included in our meta-analysis. For angiographic outcomes, there were significantly less MLD and more DS% with DEB compared to new-generation DES (MLD: MD = −0.18, 95% CI: −0.31-−0.04, P < 0.001; DS%: MD = 5.68, 95% CI: 1.00-10.37, P < 0.001). Moreover, for one-year clinical outcomes, DEB was associated with a significant increase risk in target lesion revascularization (TLR) (RR = 2.93, 95% CI: 1.50-5.72, P = 0.002). However, DEB was associated with higher risks of major adverse cardiac event, target vessel revascularization, TLR, BR, and more DS% only in DES-ISR group. Conclusions DEB and new-generation DES have the similar clinical efficacy for the treatment of BMS-ISR. However, DES showed more MLD, less DS%, and a decreased risk of TLR for the treatment of DES-ISR.
Introduction
 Percutaneous coronary intervention is the most effective nonsurgical method for myocardial revascularization in patients with coronary artery disease. [1] However, the phenomenon of restenosis has been plagued clinicians. [2, 3] To date, several medical techniques, from balloon angioplasty and bare-metal stents (BMS) to first-and second-generation drug eluting stents (DES), have been invented and dramatically declined the rate of in-stent restenosis (ISR). [4] For example, the rate of ISR is more than 40% for balloon angioplasty alone. [5] The use of BMS has been associated with one third incidence of ISR. [6] DES is an exciting medical technique which could significantly decrease the ISR rate to 5%-15% with first-generation DES, and even lower ISR incidence for second-generation DES. [7, 8] Quite a few meta-analysis have confirmed that new-generation of DES dramatically reduced the rate of ISR compared with balloon angioplasty and BMS. [9] [10] [11] Currently, there are several therapeutic strategies for ISR. Many previous researches had reported clinical efficacy of balloon angioplasty, BMS, and DES. [12, 13] Although, DES could significantly reduce the rate of restenosis in ISR patients, there are several limitations for DES. For example, exotic metal layers on the vessel well. Lately, a newly introduced drug-eluting balloon (DEB) is also used to treat ISR. DEB is a remarkable treatment method for ISR, which can deliver anti-proliferative agents to a restenotic arterial segment and do not need to use additional extra layers of metal stents. [14, 15] So far, many randomized controlled trials have compared the clinical efficacy between DEB and new-generation DES. [16] [17] [18] [19] [20] [21] However, the results are different and the ideal treatment of ISR remains debatable. Therefore, we enrolled the randomized control studies http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology and conducted a meta-analysis to evaluate the clinical efficiency between DEB and new-generation DES in treating BMS/DES-ISR patients. We also performed subgroup analysis to examine the clinical efficacy of DEB in the treatment of BMS-ISR and DES-ISR in comparison with new-generation DES.
Methods

Literature search
PubMed and the Excerpta Medica Database, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov were searched for all publications evaluating the clinical efficacy of DEB compared with new-generation DES for the treatment of BMS/DES-ISR that had been published through March 1, 2018. The search strategy was based on combinations of the following terms: "drug eluting balloon or DEB", "drug coated balloon or DCB", "drug-eluting stent or DES", and "in-stent restenosis or ISR". To retrieve the most eligible studies, we manually screened all relevant publications and their reference lists. Language was restricted to English.
Inclusion and exclusion criteria
The following eligible studies were included in the metaanalysis: (1) randomized controlled clinical trials; (2) studies whose patients had BMS/DES-ISR; (3) studies making comparisons of clinical outcomes and angiographic outcomes between DEB and new-generation DES; and (4) studies including the angiographic outcomes [the minimal luminal diameter (MLD), diameter stenosis % (DS%), late lumen loss (LLL), and binary restenosis (BR)] and the one-year clinical outcomes [all-cause death or major adverse cardiac event (MACE) or myocardial infarction (MI) or target vascular revascularization (TVR) or target lesion revascularization (TLR)]. The following studies were excluded from the analysis: (1) duplicates of previous publications; (2) abstracts, reviews, commentaries and editorials; (3) animal studies; (4) studies without sufficient available original data, even after we had contacted their corresponding authors; (5) studies only comparing the clinical outcomes between two strategies without angiographic results; and (6) studies aiming to compare DEB with first-generation DES.
Outcomes of interest and definitions
Clinical outcomes of interest were all-cause death, MACE, MI, TVR and TLR; Angiographic outcomes of interest were the MLD, DS%, LLL, and BR. ISR was defined as > 50% diameter stenosis on visual assessment. All-cause death was defined as death from any cause. MACE was defined as cardiac death, MI, and stent thrombus. MI was defined as the documentation of a new abnormal Q-wave after the index revascularization. Other outcomes were defined according to the study definition.
Data extraction
Two reviewers independently extracted the following information from the eligible trials using a standardized data collection form: the trial's name, publication year, location, numbers of patients, previous stent, the type of DEB and DES, clinical and angiographic follow-up durations, characteristics of the subjects (age, gender, and underlying diseases. such as hypertension, diabetes mellitus, dyslipidemia), clinical characteristics of the patients [previous MI, previous coronary artery bypass grafting, left ventricular ejection fraction, unstable angina, stable angina or silent ischemia, ISR lesions, quantitative findings before the procedure (reference vessel diameter, MLD, DS%, lesion length, previous stent diameter and length)] in the DEB and DES groups, clinical outcomes and angiographic data.
Statistical analysis
The data regarding the one-year clinical outcomes were categorical, and pooled risk ratios (RRs) and their corresponding 95% confidence intervals (CIs) were performed. The data regarding the angiographic outcomes were continuous, and pooled mean differences (MDs) and their corresponding 95% CIs were performed. The chi-square-based Cochran Q test and I 2 statistic were employed to assess between-study heterogeneity. [22, 23] Subgroup analyses were conducted to assess differences by ISR type (BMS-ISR and DES-ISR) for clinical and angiographic outcomes. Funnel plots, Begg's rank test, and Egger's linear regression test were performed to examine potential publication bias. [24] Studies were combined using fixed effect model. However, a random-effects model was performed to calculate the risk estimation if a significant heterogeneity was detected. A two-sided P < 0.05 was considered statistically significant. All statistical analyses were conducted using STATA statistical software (Version 11.0, Stata Corp, College Station, Texas, USA).
Results
Characteristics of the included studies
The flow chart in Figure 1 displays information of comprehensive literature search and selection of studies assess- ing the clinical efficacy of DEB with DES in patients with BMS/DES-ISR. As a result of deduplication, screening of titles and abstracts, and full text review, six randomized clinical trials with 1177 BMS/DES-ISR patients were included in our meta-analysis. The characteristics of included studies are showed in Table 1 . The baseline clinical and lesion characteristics of the patients are summarized in Tables  2 & 3 . Among the 1177 BMS/DES-ISR patients, 596 patients accepted DEB treatment and 581 received new-generation DES treatment. Among the six trials, five were from western countries and one from Asia. Regarding type of ISR, three studies focused on BMS-ISR, two studies were about DES-ISR, and one study was about BMS/DES-ISR. Between the two groups, there were no significant differences in baseline characteristics and lesion characteristics, excepted age and smoking in Restenosis Intra-stent of Bare Metal Stents: paclitaxel-eluting balloon vs. everolimus-eluting stent (RIBS) V study, [17] male in Drug-Eluting Balloon for In-Stent Restenosis (DARE) study, [20] diabetes mellitus in Safety and Efficacy of a Drug elUting balloon in Coronary artery rEstenosis (SEDUCE) study. [16] 
Angiographic outcomes
Six trials reported the angiographic follow-up of MLD, DS%, LLL, and BR. There were significantly less MLD and more DS% with DEB compared to DES (MLD: MD = −0.18, 95% CI: −0.31-−0.04, P < 0.001; DS%: MD = 5.68, 95% CI: 1.00-10.37, P < 0.001), with significant heterogeneity (MLD: I 2 = 64.6%, P = 0.015; DS%: I 2 = 71.8%, P = 0.003) across the studies (Figures 2 & 3 , Table 4 ). However, there were no significant differences in angiographic outcomes of LLL and BR between DEB and DES for the Table 4 ).
One-year clinical outcomes
Six trials reported the outcome of TVR, five trials showed the outcome of MI, and four trials presented one-year incidences of all-cause death, MACE and TLR. Overall, when all the studies were pooled in the meta-analysis, there were Table 5 ). However, DEB was associated with a significant increase in TLR (RR = 2.93, 95% CI: 1.50-5.72, P = 0.002), with no heterogeneity (I 2 = 0%, P = 0.426) across the studies ( Figure 6 , Table 5 ).
Subgroup analysis
In subgroup analyses performed by ISR type for angiographic outcomes, there were remained no differences between DEB and DES in terms of LLL (Table 4) , DEB continued to have a significantly less MLD, regardless of ISR type (Table 4) . However, there were higher risk of BR and a significantly more DS% with DEB versus DES only in DES-ISR group (BR: RR = 2.05, 95% CI: 1.19-3.54, P = 0.010; DS%: MD = 8.30, 95% CI: 4.08-12.52, P < 0.001), and no significant difference in BMS-ISR group (BR: RR = 1.02, 95% CI: 0.33-3.17, P = 0.689; DS%: MD = 4.40, 95% CI: −5.91-14.72, P = 0.002) ( Table 4 ). In subgroup analyses performed by ISR type for one-year clinical outcomes, there was no difference between DES and DEB for treatment of BMS-ISR in terms of all-cause death, MACE, MI, TVR and TLR (Table 5) . However, the results of our analysis showed that DEB were associated with higher risks of MACE, TVR, and TLR only in DES-ISR group (MACE: RR = 1.71, 95% CI: 1.02-2.87, P = 0.043; TVR: RR = 2.16, 95% CI: 1.18-3.94, P = 0.012; TLR: RR = 3.14, 95% CI: 1.45-6.80, P = 0.004) ( Table 5 ).
Publication bias
We constructed funnel plots and carried out Begg's rank test and Egger's linear regression test to assess whether publication bias affected the results of the studies. We found no evidence of funnel plot asymmetry across the studies (Figure 7) , and the Begg's rank test and Egger's linear regression test was not significant for the outcomes studied (not shown).
Discussion
To the best of our knowledge, this is the largest metaanalysis, as including a total of six randomized clinical trials with 1177 BMS/DES-ISR patients compared the clinical efficacy of DEB with new-generation DES in treatment of BMS/DES-ISR. The results of this analysis indicated that DEB was associated with a significant increase in TLR. Meanwhile, there were significantly less MLD and more DS% with DEB compared to those treated with new-generation DES. However, DEB was associated with higher risks of MACE, TVR, TLR, BR, and more DS% only in DES-ISR group, not in BMS-ISR group. The results proved that DEB and new-generation DES have the similar clinical efficacy for the treatment of BMS-ISR. However, the new-generation DES showed better one-year clinical outcomes and angiographic results for the treatment of DES-ISR.
Numerous treatment technologies have been developed for ISR patients. These technologies included balloon angioplasty, BMS, cutting or scoring balloon, rotational atherectomy and intravascular brachy therapy. However, the re-ISR remains a major problem with unsatisfactory clinical outcomes. The underlying mechanical factors of ISR is far more complex, which not only including neointima, vessel and lesion factors, such as hypocellular neointima, neointimal disruptions, lipid-laden neointima, but also including procedural factors, such as inadequate stent expansion and stent malapposition. [25] [26] [27] DES could significantly reduce http://www.jgc301.com; jgc@jgc301.com | Journal of Geriatric Cardiology the occurrence of restenosis in ISR patients, particularly DES-ISR patients, by the profound inhibitory effect on neointimal formation. [28] DES, however, have several limitations as follows: (1) DES could increase the burden of multi-metal layers on the vessel wall, which may increase the risk of ST and bleeding; and (2) the stent exposed to previous stent may induce chronic inflammation, which can increase the risk of late stent thrombosis. [16] Thus, another novel therapy of DEB is developed as an alternative treatment strategy in the treatment of ISR. The most common DEB in clinical practice is paclitaxel eluting balloon, which can delivery anti-proliferative agents to a restenotic arterial segment and do not need to use additional extra layers of metal stents. There are also some advantages with DEB as follows: (1) it is more suited to a tortuous or calcified vessel where could not use stent; (2) it does not need to prolonged anti-platelet therapies; (3) it could avoid stent overlap; and (4) the absence of polymers in DEB could inhibit the chronic inflammation, and thus reduce the risk of late stent thrombosis. [29, 30] Currently, several meta-analyses have been performed to compare the clinical efficacy between DEB and DES in the treatment of BMS/DES-ISR patients. One previous metaanalysis identified 2052 DES-ISR patients from three randomized clinical trials and four observational studies to determine the clinical efficacy of DEB compared with DES, and found that MACE, TLR, MI, stent thrombosis, and cardiac death were not different between patients treated with DEB and with DES. [31] However, our meta-analysis indicated that DEB was associated with higher risks of MACE, TVR, TLR, BR, and more DS% in DES-ISR patients. The limitations of this previous meta-analysis should not be ignored. Firstly, the angiography outcomes (MLD, DS% and LLL) were continuous variables, but it extracted the data with categorical variables and used odds ratios (ORs) to represent the effects which might not reflect the real effects.
Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com Secondly, this previous meta-analysis did not enroll the latest SEDUCE, RESTORE and DARE trials. Another meta-analysis also showed that there were no significant differences between DEB and DES in terms of TLR, MACE, MI and stent thrombosis. [32] However, it did not include the latest studies, did not research the angiography outcomes, and did not perform the subgroups of BMS-ISR and DES-ISR. One meta-analysis by Liou, et al. [30] reported that there were higher TLR and MACE rates with DEB, it also reported that DEB was associated with inferior in MLD, higher LLL and a higher BR rate, compared to DES. Our results indicated that DEB was associated with a significant increase in TLR, but there were no differences in death, MACE, MI and TVR. Our meta-analysis also showed that significantly less MLD and more DS% with DEB compared to those treated with new-generation DES. The results were consistent with the research of Liou, et al. [30] The following reasons may explain these results: (1) the new-generation DES had the mechanical scaffolding, which contributed to the higher luminal gain and less DS% with DES; (2) the two methods had different pharmacologies, compared with everolimus, paclitaxel could induce a higher degree of inflammation and thus a greater neointimal thickness in the vessel; [33] and (3) the follow-up time was only one year, which was too short to observe the different clinical outcomes, as the clinical outcomes, such as death, MACE and MI, might present in long-term follow-up. That is why there were different angiography outcomes, but no significantly different clinical outcomes were found between the two groups. Last but not least, DES showed better one-year clinical outcomes and angiographic results only for the treatment of DES-ISR. However, there were no significant differences in BMS-ISR patients between DEB and DES. The reason may be that different ISR type has different etiologies of ISR. For BMS-ISR, the important factors are neointimal hyperplasia and stent underexpansion. However, for DES-ISR, the dominant factor is neoatherosclerosis in vessel. [34] 
Limitations
There were several limitations in this meta-analysis. Firstly, the meta-analysis included only six studies enrolling 1177 BMS/DES-ISR patients, 596 patients received DEB treatment and 581 received DES. The sample size is so small, which may not have enough statistical power to properly compare the clinical efficacy of DEB and DES in BMS/DES-ISR patients. Moreover, the enrolled trials were stratified by the type of ISR, the sample sizes of the subgroups were much smaller, which greatly hampered our ability to explore effects in these subgroups. Secondly, we could not obtain the information of individual data of the included studies, thus we could not assess the baseline, clinical and lesion characteristics which may influence clinical outcomes further. Thirdly, the data of this metaanalysis was based on unadjusted estimates, which could not eliminate various confounders. Fourthly, the post-proceduraldual anti-platelet therapy and treatment time for patients were different. Last but not least, no later time follow-up results were available in the majority of the included trials, thus limited our analysis to only one-year clinical outcomes.
Conclusions
In summary, the results of our meta-analysis demonstrated that DEB and new-generation DES have the similar clinical efficacy for the treatment of BMS-ISR. However, new-generation DES showed more MLD, less DS%, and a decreased risk of TLR for the treatment of DES-ISR. Additional well-designed studies that are based on larger sample sizes and involve patients of different clinical characteristics are needed to validate these findings.
